Thin films of bismuth oxide have been prepared utilizing vacuum evaporation. XRD anyalysis reveal that all the films were tetragonal polycrystalline structure with a preferred orientation along (002) plane. SEM images indicate that the grain size fall in the category of nanosize. AFM results assure that the nanonstructure behavior of thin films. Optical studies show that these films have a direct transition with optical energy gap equal to 2.5 eV.
INTRODUCTION
In recent years, increasing attention has been focused on bismuth oxide, which is one of the most important metal oxide semiconductor has large uses in many fields such as gas sensors, solid oxide fuel cells, optical coatings, metal-insulator-semiconductor (MIS) capacitor, microwave-integrated circuits, ceramics and catalysts, Also used in the manufacture of optical fiber, where he witnessed this area significant progress due to the production of a variety of high-quality optical fibers such as bismuth oxide fiber doped with erbium (Er) and highly nonlinear bismuth oxide fibers [1] [2] [3] . These applications because owning a bismuth oxide some characteristics as energy band gap of 2 to 3.96 ev, high refractive index of 2.3 at 633 nm, dielectric permittivity, high photoconductivity and significant photoluminescence. [4, 5] .
Five polymorphs of Bi 2 O 3 , known as α-, β-, γ-, δ-and ω-Bi 2 O 3 were reported, each one possesses different crystal structures and various electrical, optical and mechanical properties, β-phase (tetragonal) is n-type semiconductor with a band gap of 2.58 eV, and also the metastable phase that can be stabilized to exist at room temperature by doping with impurities such as niobium or tantalum. [6] [7] [8] [9] .
There are different techniques for the preparation of bismuth oxide films, including: chemical bath deposition (CBD) [10] , chemical spray pyrolysis [11] , sol-gel [12] , reactive magnetron sputtering [13] , thermal oxidation of vacuum evaporated bismuth films [14] , etc.
The aim of the present work was to study and discuss the structural, surface morphological and optical properties of Bi 2 O 3 thin films prepared by thermal oxidation of bismuth films in air. 
EXPERIMENTAL
The vacuum evaporation system at low pressure (about 10 -5 Torr) was used to evaporate the bismuth (purity 99.999 %) onto cleaned glass substrates, maintained at room temperature. Bismuth oxide has been prepared by thermal oxidation in air at a temperature of 130 °C for 10 minutes. The thickness of the obtained films was about 200 nm which calculated by the weight method.
The structural analysis by X-ray diffraction (XRD) was carried out on a Philips type PW 1050 diffractometer using Cu-Kα radiation with a wavelength of 1.5406 Å. Surface morphology was examined using scanning electron microscope (SEM) type (VEGA I I SBH MS 12, operating voltage is 16.00 kv) and atomic force microscope (AFM) type (SPM, AA-3000, Angstrom Advanced Inc. USA).
The transmission and absorption spectra of Bi 2 O 3 thin film was measured using UV-VIS spectrophotometer type (1650-1700, Shimadzu, Japan) in the wavelength range (400-900 nm). The transmittance spectrum of bismuth oxide films deposited onto glass substrates are presented in Figure 4 . One can see that the film shows good uniformity and transparency approximately (70-80 %) in the visible and NIR regions, and this high transmittance because there is no free electron (i.e. Electrons are linked to atoms by covalent bonds), this is because the breaking of electron linkage and moving it to the conduction band need photon with high energy [17] . 
RESULTS AND DISCUSSION
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ILCPA Volume 34 (b) Fig. 3(continue) . Two-dimensional (a) and three-dimensional (b) AFM images of Bi 2 O 3 film. Figure 5 shows the optical absorption spectrum of bismuth oxide films, it can be seen that absorption is low at high wavelengths (low energies) and then begins to increase with short wavelength (high energy), where the possibility of electron transitions be significant because of the incident photon energy be enough to move the electron from the valence band to the conduction band, the values of the absorption coefficient helps to conclude the nature of electronic transitions, according to the results in this figure, the coefficient of absorption for the Bi 2 O 3 thin films is greater than 10 4 cm -1 , this explains that the electron transition is direct, the energy and moment are maintained by the electrons and photons [17, 18] . Figure 6 shows the plot of (αhυ) 2 versus hυ, where α is the optical absorption coefficient and hυ is the energy of the incident photon. The energy gap (Eg) was estimated for a direct transition between valence and conduction bands from the expression [19] :
International Letters of Chemistry, Physics and Astronomy Vol. 34 where K is a parameter, Eg is determined by extrapolating the straight line portion of the spectrum to α = 0. From this drawing, the optical energy gap Eg = 2.5 eV is deduced and this value is close to the previously reported value [20, 21] . One can notice that This energy gap is rather large for a photovoltaic cell, but should be ideal for photocatalytic water splitting [15] . 
CONCLUSIONS
Bismuth oxide was prepared successfully by the vacuum evaporation technique. The XRD analysis indicates that all the films were polycrystalline in nature. SEM images were homogenous showing a nanocrystalline structure which agrees with the AFM results which found that the average grain size was about 81.57 nm. the optical measurements shows a direct transition with an optical band gap of 2.5 eV. International Letters of Chemistry, Physics and Astronomy Vol. 34
